HYDROLOGICAL PARAMETERS INFLUENCING THE PENETRATION 
OF ARABIAN GULF FISHES INTO THE SHATT AL ARAB RIVER, IRAQ 


by 

L.A.J. AL-HASSAN and N.A, HUSSAIN U) 


ABSTRACT, - Sixteen Arabian Gulf fish species were recorded for the fust time in the mid 
and upper region or Shatt ALArab river, Basrah, Iraq. Most of them are pelagic species, widely 
distributed in the Arabian Gulf and even in the different seas. They are obviously adapted to 
rather various environmental conditions. The changing in the chemical, physical and biological 
characters of Shatt AJ-Arab river during the Iraqi-lranian war may have facilitated recent immi¬ 
gration. A review to the environmental characters of both the Arabian Gulf and Shatt ALArab 
river are given, 

RESUME, Seize especes de poissons du Golfe Persique ont etc signaled pour la premiere fois 
dans les zones moyenne et superieure de la riviere Shatt ALArab, Basrah, Irak. La plupart sont 
des especes pelagiques, largernent repandues dans le Golfe et meme dans d'autres mers. Ces 
poissons sont evident men! adaptes a des conditions ecologiques variees. Les changements des 
caractertstiques chimiques* physiques et biologiques de la riviere Shatt Al-Arab au cours de la 
guerre irako-iranienne peuvent avoir facilite cette recente immigration. Une revue des carae- 
teres hydrologiques du Golfe et du Shatt ALArab est donnee. 
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The two markedly different zoogeographical areas : the subtropical Arabian 
Gulf which is connected with the north western Indian Ocean and the Shatt Al- 
Arab river which is connected with the freshwater system of the old Mesopotamia, 
were joined together a long time ago during the geological eras (Purser, 1973), In 
order to pass between these two areas organisms must be able to bridge the diffe¬ 
rence in adaptive requirements, and also withstand the extreme conditions in the 
Shall AI-Arab estuary itself. It is therefore highly interesting that at least sixteen 
Arabian Gulf species of fishes have succeeded in reaching the northern part of the 
Shatt AI-Arab river, and, in recent years, some have developed into commercially 
important populations [HiIsa ilisha and Nematalosa nasus). 

It is well known that the clear understanding of the taxonomic situations is 
essential for zoogeographical purposes. Unfortunately, we still lack accurate infor¬ 
mation about the relationships between many fishes found in the Arabian Gulf 
and Shatt Al-Arab river. So, at the present lime we can only give some preliminary 

(I) Marine Science Centre, University of Basrah, Basrah. Iraq, 

Cybium 1985, 9(1} : 7*16. 
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data and suggest what future research appear to be desirable. The purpose of the 
present study is to record the presence of marine fish species in Shatt Al-Arab 
river* 


ENVIRONMENTAL CHARACTERS OF SHATT AL ARAB RIVER : 

Shatt al-Arab river formed during the last 5000 years as a result of the junction 
of Euphrates and Tigris rivers (Rzoska, 1980), The total length of this water way is 
about 200 km, the width varies from 400 to 1500 m, its depth from 7,5 to 12,5 m. 
Along the river, some shallow areas have to be dredged because of the commercial 
Importance of the channel. This is necessary because of the abundant sediment 
load brought down from the Iranian plateau by the Karun river, which enters the 
Shatt near the Iranian port of Abadan, south of Basrah, Water level in Shatt Al- 
Arab is under the influence of sea tides, from 3 m near the mouth to 0,5 at Basrah; 
the influence of the tide is felt about 140 km inland with a penetration of marine 
organisms upstream (Rzoska, 1980), The velocity of water flow during the low and 
high tide varies between medium and fast. This water movement depends mainly 
on the water level in the Shatt : during the flood season (January to June), the 
water moves very fast and its velocity reaches 4 knots (P.G.P., 1967), On contrast, 
during the dry season (July to December), the water movement drops down to 
2-3 knots, 

Shatt Al-Arab is characterized by a small (< 1° C) or absent vertical stratifica¬ 
tion of temperature (April 1974 : Saad & Kell, 1975, Kell & Saad, 1975 and Fe- 
bruray 1978 : Maulood et al , 1979), From these two periods, we can envisage a 
range of 25,0-25,30 ant j 15,5-17,00 c. Arndt & Al-Saadi i 1975) measured the sea¬ 
sonal extremes at Basrah and they found that in January the temperature ranges 
from 14-15° C and 32° C in August, No marked thermic stratification was noticed 
even at the higher seasonal temperature (Mohammed 1965; Arndt & Al-Saadi, 
1975), 

Saad & Kell (1975) published data on transparency in Shatt Al-Arab using a 
Secchi disc. These values range from 50-70 cm during the Hood period in April 
1974, Although these are low compared with many rivers, they still suggest a consi¬ 
derable shedding of sediment from more turbid waters upsteam. Similar values 
were recorded along the longitudinal section of the Shatt by Saad & Kell ( 1975) 
just before and just after the arrival of flood water, and in February' 1978 (Maulood 
et al, 1979). Values greater than Im are known seasonally from Shatt Al-Arab at 
Basrah; (Arndt & Al-Saadi, 1975; Saad, 1978a); these indicate minima in the sedi¬ 
ment load during low flows. 

High levels of salinity are prevailed in the Shatt, not only due to the accumu¬ 
lated salt flux from the north, but also due to a marine influence that extends a 
varying distance up the estuary. The distance is naturally reduced during phases of 
high river flow (Al-Sahaf, 1975), Various authors (e,g. Al-Sahaf, 1967; Arndt & 
Al-Saadi, 1975; Maulood et al. J979) have described the longitudinal distribution 
of salinity or conductivity. In the upper reaches, the conductivity is typically about 
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1000 jis/cm at 25° C, followed b> .ncreu>;* downstream at a distance from the 
sea which varies, for hydrological onv The Kurun uvet may produce an uupnr 
tant increase in the conductivity < 1 .don . l l, 75). 

Almost all the ionic content is contributed by lour cations tCa- . Mg-\ Na * 
K + ) and four anions i HCO ^ t CO^~ Cl - * , SO^“) (Tailing, 1980). In the Shatt, the 
ions Na + and Cl~ are dominant, a trend that is naturally enhanced in the lower 
estuary region. Estimations of Cl” concentration (chlorosity) have been employed 
by several authors (Mohammed, 1975; Saad & Kell, 1975); Kell & Saad. 1975; 
Saad, 1978 a,b; Maulood et at, 1979) as a test to the mixture of fresh- with sea¬ 
water, As an effect on the salinity of the Arabian Gulf, Emery' i 1956) has noted 
that Shatt Al-Arab has a greal eft eel on the salinity of the Gulf during the flood 
season and Saad (1978a) has shown 1 hat the effect of the Shatt Al-Arab water 
extends five kilometers inside the Gulf. During the flood season Brewer et at. 
(1978) have found that the effect of Shatt Al-Arab water extends to the Kuwait 
Bay. 

The oxygen concentrations in surface water were usually 50 per cent or more 
of saturation (Mohammed 1975; Kell & Saad, 1975; Maulood et at , 1979). Diffe¬ 
rences with depth were generally minor. 

The values of PO 4 ranges between 0.4 and 2.2 mg/1 in Shatt Al-Arab t Al-Sahaf, 
1975). A conspicious decline in Si from fresh to sea water has been noted by 
Maulood et at, (1979) this being a common situation in estuaries. 

An almost consecutive study of the phytoplankton of the Shatt Al-Arab near 
Basrah was made by Huq et at , (1978) (see also Al-Saadi et at , 1979), Their 
counts indicated some decline of total density in mid-winter (December) as well as 
during flood water in April. In the Shatt one would expect a meeting of marine 
and freshwater elements with some correlations to the longitudinal gradient in sali¬ 
nity and chloride contents. This is confirmed by the studies of Kell & Saad (1975), 
Maulood et al y (1979) and Hinton & Maulood (1979). The former list 226 species, 
including 95 of marine origin whose proportions increased downstream. Diatoms 
were again generally preponderant; their silica remains contribute to the sediments 
(Saad, 1975). Maulood et at, (1979), found a large increase of phytoplankton 
density at their seaward station. 


ENVIRONMENTAL CHARACTERS OF THE ARABIAN GULF : 

The Arabian Gulf lies between latitude 24° and 3Q03Q*N f with its extreme 
width between longitude 48°45’ and 57°E, It is a marginal sea measuring 1000 km 
in length and 200-300 km in width and thus, covers an area of about 239,000 km^. 
With an average depth of about 35 m, it is calculated to contain a total volume of 
water of about 850 x 10^ (Anbar, 1974). 

The Arabian Gulf penetrate from the Indian Ocean near its entrance at the 
strait of Hormuz, which is a uv bend about 60 km wide with numerous obs¬ 
truction (Purser and Seibold, 1* ' V L The north western end of the Gulf terminates 
in the Shatt Al-Arab delta. 
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The bottom of the Arabian Gulf basin is somewhat asymetrieal sloping gently 
from the Arabian side, but dropping sharply towards the Iranian shore lines, where 
it attains its maximum depth. Again the Gulf bottom slopes gradually from north 
to south where it reaches a depth of about 18(J m near the strait of Hormuz. From 
there, a sudden drop to the Gulf of Oman is clearly noticeable (200-3000 m depth) 
l An bar, 1974). The average depth of the water in the Gulf is about 35 m, but along 
its axis this increases to 60 m and the maximum depth found, so far, is 120-1 50 m 
near the Iranian Coast. 

According to Emery (1956), 52 % of the Arabian Gulf is covered by mud, 
39,7 % sand* 5.5 % by mud and sand, 1.8 % is rocky, 0.6 % is covered by coral 
growth and 0.3 % by gravels. 

Regional tidal currents are oriented approximately parallel to the axis of the 
Gulf. They attain velocities of ca 50 cm per second at about 04 m above the 
bottom (Hartman er ai . 1971) influencing sediment textures even in the deepest 
part of the Gulf. 

Waves and surface currents, are driven mainly southeasterly by the action of 
northwesterly wind. Most of the Arabian Coast and adjacent offshore environments 
are exposed to those winds. The waves and surface currents produced by aShamal » 
winds, together with tidal currents, tend to homogenise the surface waters to a 
depth of ca 30 m. Because the # Shamal » winds blow down the axis of the Gulf 
from the MW. wave base is almost certainly at its minimum along the sheltered 
shores of the Shatt At-Arab, at the NW end of the Gulf (Purser, 1973). 

Emery { 1956) demonstrated the presence of two kinds of water-currents based 
on the distribution of temperature, salinity and water density. The first is a broad 
surface current setting into the Gulf through the strait of Hormuz to replace Josses 
by evaporation. Another more minor surface current into the Gulf consists of fresh¬ 
water from the delta. 

The higher rainfall areas of Zagros and Tauros mountains supply the Tigris. 
Euphrates and Karun rivers which combine at the Shatt Al-Arab, giving a very 
considerable water influx (Purser, 1973). Emery (1956) quoted that Schott (1908) 
explained the condition of salinity during winter as being greater than in summer, 
due to the variation in flow of freshwater through the Shan, Schott (1908) stated 
that the flow is least from September to November and that, in December, local 
seasonal rainfall causes an increase and the discharge continues rather high through 
January, February, and March, In April, the melting snow of the Armenian moun¬ 
tains causes another increase that finally reaches a higher point in May and June. 
In July, the river discharge falls again. 

Wyrtki (1971) has compiled all relevant data from the international Indian 
Ocean Expedition (1971) in an Atlas. This atlas underlines the basic hydrographic 
parameters. The seasonal surface temperature variations may be as high as 170C, 
from 18°C in March to 35°C in August and the salinity varies from almost 42°/oo 
in the inner part of the Gulf in August to 37°/oo in the transition area of the straits 
of Hormuz. 

The entire area of the Gulf is shallow, resulting in a much more developed 
interaction and mixing of deeper water and surface waters, the total amount of 
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deeper water acting as a nutrient trap, 

Grasshoff et al U976) discussed the seasonal fluctuation and distribution of 
salinity. He revealed the probability that the salinity is highly variable and strongly 
dependant on the prevailing wind conditions. Another possible explanation could 
be the long and short term fluctuations in the water discharge of Euphrates and 
Tigris, 

Hartmann et al 119711 give a total annual discharge of 5 km^/year only. Such 
low annual discharge in freshwater could well cause an increase of the surface sali¬ 
nity of 2°/oo in an area of 1000 km- ( fCoske, 1972), 

It is possible that the stratification in the strait of Hormuz is not limited to a 
double layer. Water from just below the thermocline from the Gulf of Oman may 
also penetrate into the Arabian Gulf, This water is rather rich in nutrients. The 
penetration of nutrients-rich water into the Gulf and its further distribution and 
mixing are a function of the stability of the water column, the system of currents 
and eddies and the bottom topography (Seibold et al ., 1969, 1970), It could be 
that silicate is the limiting nutrient in the Gulf, 

Grassholf et al (1976) concluded that considerable productivity exists, being 
highly variable and closely limited to the nutrient distribution. 


SHATT AL-ARAB & ARABIAN GULF ICHTHYOFAUNA : 

Although some works have been published on the Ichthyofauna of Iraq (Mahdi, 
1962; Kalaf, 1961; Al-Nasiri & Hoda, 1976), no separate work has been done on 
the Ichthyofauna of Shatt Al-Arab. 

On the other hand the fish fauna of the Arabian Gulf had a better chance 
among the scientific publications. Although rich in number of species, due to a 
combination of salinity and temperature extremes, siltations from Shatt AI-Arab 
and wind-blown dust, and shallowness, the Arabian Gulf contains only a portion 
of the even richer fauna of the Indian Ocean, Intertidal zones may be especially 
poor in species due to exposure to extreme heat and consequent dessication, al¬ 
though especially adapted animals such as mudskipper fishes may make use of such 
habitats where there is soft mud and, by providing flooded burrows, may actually 
bring about the use of the area by more life forms. 

The work of Regan (1905) can be considered as the first systematic work on 
the fishes of the Arabian Gulf, he listed 57 species. Later in 1916 and 1917 Lane 
described several game fishes from different parts of the Gulf, 

Later on Berg (1918, 1931), Kennedy (1937), Horn and Misra (1943), Tre- 
wavas (1955), Menon (I960), Ladiges (1960), Kalaf (1961), Beckman (1962), 
Mahdi (1962), Ladiges (1964), Banarescu and Nalbant (1964), Mazhar (1966), 
Mahdi (1971), and White & Barwani (1971) made important constributions to the 
ichthyofauna of the Gulf, Blegvad's investigations in 1944 however, were more 
significant. He described nearly 215 species. Other contributions in this field during 
recent years were made by Mahdi & George (1969) who listed 340 species of fishes 
from freshwatersof Iraq and the Arabian Gulf; also Kuronuma and Abe (1972) 


12 


conducted a survey in the coastal waters of Kuwait and the Arabian Gulf where 
they described 131 species. Further additionsto the fish fauna collection from the 
Gulf were made by Ai-Daham (1974, 1975, 1976, 1977, 1979), 

The above literature review indicates that a fairly good information is available 
on fish fauna of the Gulf, but works are scattered and therefore it is difficult to 
locate them easily. 


Annoted list of the Arabian Gulf species in Shatt Al-Arab : 

1* CLUPEIDAE 

ffishafiligera (Valenciennes, 1847) 

Ilisha megaloptera (Swainson, 1839) 

(Al-Hassan, 1983 : 120, Shatt Al-Arab river at Hamdan village). 

2, DOROSOMATIDAE 
Nematalosa nasus (Bloch, 1795) 

(Al-Hassan, 1983 : 130, Shatt Al-Arab river at Qarmat Ali). 

3, ENGRAUUDAE 

Thrym malabarica (Bloch, 1795) 

(Al-Hassan, 1983 ; 200, Shatt Al-Arab river at Hamdan village). 

4. CHIROCENTR1DAE 

Chirocentnts nudus (Swainson, 1839) 

(Al-Hassan, 1983: 10, Shatt Al-Arab river at Hamdan village). 

5. SILLAG1NIDAE 

SiUago sihama Forsskal, 1775) 

(Al-Hassan, 1983 : 10, Shat Al-Arab river at Hamdan village). 

6 * CARANG1DAE 

Alepes djedaba (Forsskal, 1775) 

(Al-Hassan, 1983: 10 , Shatt Al-Arab river at Hamdan village). 

7. SPARIDAE 

Sparidentex hasta (Valenciennes, 1830) 

(Al-Hassan, 1983 : 100, Shatt Al-Arab river at Abu Al-Khaseeb). 
Acanthopagrus berda Forsskal, 1775) 

(Al-Hassan, 1983: 100, Shatt Al-Arab river at Abu Al-Khaseeb). 

8 , SCIAENIDAE 

Johnius carutta (Bloch, 1793) 

(Al-Hassan, 1983; 10, Shatt Al-Arab river at Hamdan village). 

9: SCATOPHAGIDAE 

Scatophagus argus (Linnaeus, 1766) 

(Al-Hassan, 1983: 50, Shatt Al-Arab river at Mehaigran village). 

10. MUG1LIDAE 

Liza macrolepis (Smith, 1849) 

(Al-Hassan* 1983: 100, Shatt Al-Arab river at Hamdan village). 

11. POLYNEMIDAE 

Eleutheronema tetradactylum (Shaw, 1804) 
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(Al-Hassan, 1983 : 50, Shatt Al-Arab river at Hamdan village)* 
12. SOLE1DAE 

Synaptura orientalis (Bloch & Schneider, 1801) 

(Al-Hassan, 1983 : 20, Shatt Al-Arab river at Hamdan village)* 
13* CYNOGLOSSIDAE 

Cynogtossus macrolepidotus Sleeker, 1851) 

Cynogbssus arel (Schneider, 1801) 

(Al-Hassan, 1983:20, Shatt Al-Arab river at Hamdan village). 


CONCLUSION 

It is possible at this moment to put forward a number of reasons that may 
explain the northward movement of some fish species from the Arabian Gulf. 
And due to the great lack of ecological information for fishes both found in Shatt 
Al-Arab river and the Arabian Gulf, the following reasons are only probabilities : 

1. The species under consideration may resist to low temperature and low salinity. 

2. Due to the hault of navigation in Shatt Al-Arab area as a result of the Iraqi-Ira¬ 
nian war, fishes may be attracted to more northward area to find unexploited 
ecological niches to live in, 

3* There is a great probability that the level of pollution in Shatt Al-Arab river 
drops down during the years of the war and this may help some species of fishes 
to inhabit this water way. 

In conclusion, it may be emphasised that this picture, simple and probably 
rough, shows the inadequacy of our knowledge of the relationships between Shatt 
Al-Arab and the Arabian Gulf ichthyofauna* A close co-operation between Iraqian 
and Gulf ichthyologists is absolutely necessary for a better understanding of the 
problems. As in many other fields of modern science, there are problems that can¬ 
not be solved by an individual, even if very competent. It is hoped that this account 
will stimulate further research in this field to solve many of the biological problems. 


Acknowledgements* - Our sincere thanks are due to Dr* Brian W. Coad of the National Mu¬ 
seums of Canada, for his valuable suggestion in preparing the outline of this study* 


REFERENCES 

AL-DAHAM N.K*, 1974. - Two new records of sharks from Iraqi territorial waters with their 
descriptions. Bull. Basrah Nat. Hist . Mus., 1:99-113. 

1975* - The fust record of the dragon fish (Pegasus nutans > from the Arab Gulf. 
Bull. Basrah Nat. Hist. Mus. Y 2: 55-58. 

1976* - Pishes of Iraq and the Arab Gulf : orders Squaliformes and Rajiformes. 
Bull. Basrah Nat. Hist. Mus. f 3:3-52,30 figs. 

— 1976* - The stingray Taeniura melanospiola, a new record from the Arab Gulf. Bull. 

Basrah Nat * Hist. Mus 3:117118* 


14 


- 1977. - Fishes of Iraq and the Arab Gulf, vol 1. Squaliformes to Atheriniformes. 

Centre for Arab Gulf Studies Publications (9) s 546p.*{in Arabic with Latin names), 
1979. — Fishes of Iraq and the Arab Gulf, VoL 2* Order fieryciformes-Qrder Perci- 
formes (Suborder Percoidei)* University of Basrah, 406 p., (in Arabic with Latin 
names). 

AL-SAADI H.A., PANKGW H. & HUQ M.F,* 1979. Algological investigations in the polluted 
Ashar Canal and Shatt A1-Arab in Basrah (Iraq). Int. Rev, HydrobioL hydrogr., 64 
(4): 

AL-NA5IRI 5,K. & HOD A $*M.S.* 1976, A guide to the fresh water fishes of Iraq. Basrah Nat. 
Hist Mus.PubL, (1): 1425. 

AL-SAHAF M., 1975. Chemical composition of the water resources of Iraq. (Russ.) Vodn . 
Resur.i 4): 173-185, 

ARNDT E,A. &. AL-SAADI H.A., 1975. - Some Hydrological characteristics of the Shatt A1- 
Arab and adjacent areas. Wm, Zeiischr. Univ. Rostock , Math, Nat. Reihe* 24 : 789- 
796. 

ANBAR S,A.* 1974, Foraminiferida from the off-shore area of Kuwait (northwestern Ara¬ 
bian Gulf). Unpub.M. Sc .Thesis, University of Kuwait, Arabian Gulf. 

BANARESCU F. & T. NALBANT* 1964. - Susswasser fisches der Turkei* 2. Teil, Cobitidae. 
Min. Hamburg ZooL Mus. Inst. ,61; 159-201. 

BECKMAN W.C., 1962. -The freshwater fishes of Syria and their general biology and Manage¬ 
ment, FA O Fisheries Biology Technical paper (8), 297 p, T 96 figs. 

BERG L.S., 1918. On a new Siluroid fish, Glyptostemum armeniacum n, sp,* from the upper 
Euphrates. Bull Mus. Georgia, Tiflis* 11 : 145-148. 

1931. Descrip l io ns of a ne w silu ro id fis h* Glyp tostemu m kurdistan icum t fro m the 
basin of the Tigris river. Bulk Acad. Sci . USSR, Class, Sci, Math, Nat,, p. 1267-1270. 

BLLGVAD H,* 1914. Fishes of the Iranian Gulf. In : Danish Sci. Invest. Iran, part 3,Copen¬ 
hagen 247 p„ 135 figs.* 12 pis. 

BREWER P.G., FLEER A.P., RADARS S„ SHAFER D,K. & SMITH C.L., 1978. Chemical 
Oceanographic data from the Arabian Gulf and Gulf of Oman. WH10-78-37* p. 105* 
Woodshole* Massachusetts, U.S.A. 

EMERY K,Q„ 1956, Sediments and water of the Arabian Gulf. Amer. Assoc. Petroleum Geo¬ 
logist, 40 p, 

GRAS5HOFF K-, 1976. Review of Hydrographical and Productivity conditions in the Gulf 
Region. Report of a consultative meeting on marine sciences in the Gulf area* Paris, 
114, Nov, 1975. UNESCO technical papers in Marine Science, (26): 39-62, 

HARTMANN M.* LANGE H*, SEIBOLD E, & WALGER E.* 1971. Overflachensedimente in 
Persischen Golf and Golf von Oman. L Geologisch-hydrologischer Rahmen underste 
sedimento logische Ergebnisse. «Meteor» Forsch Ergebn, Gebruder Borntraeger* 
Berlin* C* 4. pp, 1-76, 

HORA S.L. Sl K.S. MISRA. 1943, - On a smaJl collection of fishes from Iraq. /. Roy, Asiat. 
Soc. Bengal, 9 (1); 1-15* 7 figs. 

HINTON G.C,F. & MAULOOD B.K.* 1979, - Some diatoms from brackish water habitats in 
Southern Iraq. Nova Hedwiglia * 3 1. 

HUQ M.F., AL-SAADI H.A. & HAMEED H.A., 1978. - Phytoplankton ecology of Shatt Al- 
Aiab river at Basrah* Iraq. Verb int . Verein. theor , angew. LimnoL, 20 : 1552-1556. 

KELL V, & SAAD M.A.H.* 1975, - Untersu eh ungen iiber das Phytoplankton und eigie Urn- 
weltparameter des Shatt Al-Arab (Irak). Int. Revue ges. HydrobioL Hydrogr .* 60 : 
409421. 

KHALAF K.T.* 1961. - The marine and freshwater fishes of Iraq. Baghdad* 164 p. 

KENNEDY W.P** 1937* — Some additions to the fauna of Iraq. /. Bombay Nat. Hist. Soc., 
39 : 745-749. 

KOSKE P*, 1972. - Hydrograph ische Verbal in Persischen Golf Grund von Beobachtungen von 
F,S. « Meteor » inn Frushjahr* 1965 *« Meteor* Forsch Ergebn, Gebruder Borntraeger* 
Berlin* A* U * pp. 58-73, 


15 


KURONUMA K. & Y* ABE, 1972* - Fishes of Kuwait, Kuwait Institute for Scientific Research, 
Kuwait, 123 p*, 20 pis* 

LADIGES W*» I960. - Susswasseifisehe der Turkic. 1. Teil, Cyprinidae. Mitt, Hamburg ZoiL 
Mus. Inst,, S 8 * £ 05-150. 

1964* Susswasserfische der Turkei. 3. Teii, res the he Gruppen* Mitt. Hamburg. 
ZooL Mus, Inst. ,61; 203-220. 

LANE W.J-L, 1916. -The game fishes of the Arab Gulf, pt. I, J. Bombay Nat. Hist. Sac ., 24 : 
6722-748. 

- 1917, The game fishes of the Arab Gulf, pt* 2, J. Bombay Nat. Hist, Soc ., 25 , 
121-135, 

MAHD1 N.* 1962. Fishes of Iraq, Ministry of Education, Baghdad, 82 p. 

1971* Additions to the marine Mi fauna of Iraq, Iraq Nat. Hist. Mus. Pub ,, 28, 
43 p*, 16 pis. 

&. GEORGE P.V., 1969. A systematic list of the vertebrates of Iraq, Iraq Nat Hist. 
Mus. Pub,, 26, 100 p* 

MAULOOD B,K„ HINTON G.C.F., KAMELS H*S„ SALEH F.A.K*, SHABAN A.A. & AL- 
SH AH WAN I S.M.H,, 1979, An ecological study of some aquatic ecosystems in 
southern Iraq. Tropical Ecology' , 20 IL), 

MAZHAR F,M., 1966. Elasmobranches from Basrah Bay. Bull. BioL Res * Centre , Baghdad, 
2:43-56, 

MOHAMMAD M.B.M*. 1965* -Further observations on some environmental conditions of 
Shatt Al-Arab, Bull, BioL Res. Centre , Baghdad 1 : 71-79. 

MENON A.G.K., 1977. A systematic monograph of the tongue soles of the genus Cyno - 
glossus Hamilton-Buchanan iPisces : Cynoglossidael. Smithsonian Contribution to 
Zoology . ( 338) : 129 p. 

PURSER B.H., 1973* The Persian Gulf, Springer-Verlag, New-York, 471 pp,, 250 figs, 

7 pis. 

PURSER B.H. &. SEIBOLD E., 1973. The principal environmental factors influencing Holo¬ 
cene sedimentation and Diagenesis in the Persian Gulf, The Persian Gulf, edited by 
B.H. Purser. Springer-Verlag, Berlin. 

P.G.P., 1967. Hydrography of the navy . ref. in : a desk study of Shatt Al-Arab estuary (Ed.J 
L.A. Mohammed (1982}, a thesis presented to the Univ* of Strathclyde Glasgow 
{U.K.Jp* 180. 

REGAN C,T„ 1905. On fishes from the Persian Gulf, the sea of Oman, and Karachi, collected 
by F*W. Townsend,V. Bombay Nat. Hist * Soc., 16 : 318-332. 

RZGSKA J., 1980. - Euphrates and Tigris, Mesopotamian Ecology and Destiny. Dr. W. Junk 
bv. Publisher, the Hague, Holland, pp. 122, 

SAAD M.A,H„ 1978a, - Some limnological studies on the lower reaches of Tigris and Euphra¬ 
tes * I raq. A c ta Hydroch imica et Hy drobiologica , 6 : 529-539. 

- 1978 b. - Seasonal variations of some physico-chemical conditions of Shatt Al-Arab 
estuary, Iraq. Estuaarine <£ Coastal Marine Science , 6:503-513, 

& Kell V,, 1975, - Observations on some environmental conditions as well as phyto¬ 
plankton blooms in the lower reaches of Tigris and Euphrates, hfe, Zeitscher. Ifniv, 
Rostock, 24 ; 781-787, 

SCHOTT G*, 1918. - Oceanographic und KLimatologie des Persischen Golf und des Golf von 
Oman. Ann. Hydrogr. Maril. Meteorol. , vol. 46 : M6. 

SEIBOLD E. Sl WOLBRECHT K., 1969* - Die Bodengestalt des Persischen Golf. <r Meteor $ 
Forsch, Ergebn. , Gebmder Borntraeger, Berlin, C,2, pp. 29-56. 

- & ULRICH J., 1970, - Bodengestalt des nor d west lichen Golf von Oman, tf Meteor» 
Forsch, Ergeb., Gebruder Borntraeger, Berlin, C 3, pp 1-14* 

FALLING J.F,. 1980, - Water characteristics. In : Euphrates & Tigris, Mesopotamian ecolo- 
logy and destiny, edited by J. Rzoska, Dr, W. Junk Publishers, The Hague, The Ne¬ 
therlands* 


16 


TREWAVAS E„ 1955 . A blind fish from Iraq related to Garra . Ann . Afag. Jte. 12 (Sj : 
551 - 555 , 

WHITE AAV, & BARWAN1 M.A., 1971, Common Sea fishes of the Arabian Gulf and Gulf of 
Oman, Tmdal States Council, DubaL VoE 1, 166 pp. 

WYRTKI K,, I97L Oceanographic atlas of the International Indian Ocean Expedition, 
Washington, D,C, f National Science Foundation. 


